The relationships of cigarette smoking, exercise, and body mass index (BMI) to the serum levels of high-density lipoprotein (HDL) cholesterol, apolipoprotein AI (Apo AI), apolipoprotein All (Apo All), and % of HDL cholesterol to total cholesterol (%HDL-C) were assessed in 495 employees of a telephone company in Japan. They were subdivided into four groups by frequency of alcohol intake: nondrinkers (n=28), those who drank once per week (n=78), those who drank 2 to 5 times per week (n=245), and those who drank 6 to 7 times per week (n=144). Although univariate analysis before grouping showed a positive correla tion between Apo All and BMI, multiple analysis examined in each group showed the positive relationship only in the nondrinking group. The relationship between BMI and Apo AII would thus appear to depend on drinking habits.
always sources of variation in Apo AII. The relationship between obesity and Apo AII is not clear. Maeda et al. (13) found a positive correlation between BMI and Apo AII only in females, whereas Meilahn et al. (14) found none.
Those two results were obtained without examining linear relationship between alcohol consumption and serum lipids and lipoproteins. A previous study (15) showed that the effects of alcohol on serum lipids and lipoproteins depend on the dose and mode of alcohol intake, suggesting non-linear relationships between alcohol consumption and serum lipids and lipoproteins.
The present study assesses the possibility that the correlation between BMI and Apo AII may differ concerning the dose and mode of alcohol intake. This paper deals with the relationship between Apo AII and obesity with regard to alcohol consumption, and attempts to explain the reason for the discrepancies in the relation between obesity and Apo AII.
SUBJECTS AND METHODS
Five hundred and seventy-three male Japanese telephone company employees between 30 and 60 years of age came to our clinic for an annual health examination one morning in the period from September to October 1990. The subjects came to the laboratory between 9-11 a.m., without having breakfast, and blood was sampled. The serum HDL-cholesterol level was determined enzymatically using a Fuji Dry-Chew-Slide HDL-C-P test kit (Fuji Film Co., Ltd., Tokyo), and the % of HDL cholesterol to total cholesterol (%HDL-C) was calculated. Serum apolipo proteins were determined by immunoturbidimetry using monospecific gamma globulins (Apo Auto-2-Daiichi, Daiichi Pure Chemicals Co., Ltd., Tokyo).
At the laboratory, subjects were interviewed by public health nurses and medical histories were obtained. Subjects with cardiovascular disease or diabetes, as well as those under medication, were excluded from analysis. Of the 573 subjects, 495 were retained for this study. The number of cigarettes smoked daily, weekly alcohol consumption and exercise habits were assessed by questionnaire. The number of cigarettes smoked daily was used as an index of smoking. Weekly alcohol consumption was determined by subjects' stated doses and frequencies of alcohol intake. Exercise habits were classified into three groups and transformed into the variables, "do not or hardly ever" =1, "occasionally" =2, or "regularly" = 3. Body mass index (BMI), defined as weight (kg)/height (m2) was used as a measure of obesity. The subjects were subdivided into four groups according to the frequency of alcohol intake: nondrinkers (n=28), those who drank once per week (n=78), those who drank 2 to 5 times per week (n=245), and those who drank 6 to 7 times per week (n=144).
Multiple regression analysis was applied to each of the four groups, using % HDL-C, Apo AI, and Apo AII individually in turn as dependent variables against the independent smoking, exercise, and BMI variables. Difference in means of age, BMI, %HDL-C, Apo AI, and Apo AII between the four groups were compared by the Scheffe method.
ESULTS
Mean levels of %HDL-C, Apo AI, and Apo AII in the four classes of weekly alcohol consumption became higher, the more the subject drank (Table 1 ). There were no significant differences between mean age, mean BMI, % of current smokers and % of those who exercise regularly in the four drinking groups (Table 1 ). There was a strong correlation between HDL cholesterol and Apo AI (r=0.712, p< 0.001), and Apo AI and Apo AII (r=0.614, p<0.001), but the correlation coefficient between HDL cholesterol and Apo AII (r=0.226, p<0.001) was relatively low.
Correlation coefficients between alcohol, smoking, exercise, and BMI variables were low (Table 2) . Alcohol correlated positively with smoking and BMI and negatively with age. Smoking correlated positively with BMI and negatively with exercise. Table 3 shows the correlation coefficients of HDL cholesterol, Apo AI, and Apo AII with BMI and life-style indicators. HDL cholesterol correlated negatively with BMI and smoking, and positively with alcohol and exercise. Although both Apo AI and Apo AII correlated positively with alcohol, their correlations with BMI were different: Apo AI correlated negatively whereas Apo AII correlated positively with BMI.
The results of multiple regression analysis of %HDL-C with smoking, exer cise, and BMI are shown in Table 4 . The standardized regression coefficients of BMI were negative and significant (p <0.001) in all four groups. A negative correlation was found between %HDL-C and smoking (r=0.347, p<0.05) only in the nondrinking group.
The results of multiple regression analysis of Apo AI with smoking, exercise, and BMI are shown in Table 5 . The standardized coefficients of BMI were negative and significant in three drinking groups.
The method applied for Tables 4 and 5 was also used for Apo AII (Table 6 ). BMI positively affected the level of Apo AII only in the nondrinking group (r= 0 .537, p<0.01), and no relationships were found between BMI and Apo AII in the three drinking groups.
DISCUSSION
A negative correlation between the serum Apo AI level and CHD risk has been established (4-6). Several studies (12) (13) (14) reported that BMI negatively correlated with Apo AI. In the present study, multiple regression analysis showed that Apo AI negatively correlated with BMI, confirming the results of these previous studies (12) (13) (14) . The relationship between Apo AI and BMI did not change in regards to the drinking levels of the subjects.
OSOKAL et al. %HDL-C: % of high-density lipoprotein cholesterol to total cholesterol. Smoking, Exercise: see Table 2 . BMI: body mass index; n : number of subjects; R2: multiple regression coefficient. *p<0.05, **p<0.01, ***p<0.001.
Although the relationship between the serum Apo AII level and CHD risk has not been well established (5, 6), we can conjecture it to be positive from previous studies (16) (17) (18) . It has been widely accepted that HDL consists of at least two types of particles: Apo AI-containing lipoprotein with Apo AII (Lp A-I: A-II) and Apo AI-containing lipoprotein without Apo AII (Lp A-I) (16) . It has been reported in both an in vitro study (17) and an epidemiologic study (18) that Lp A-I represents the antiatherogenic fraction of HDL, while Lp A-I: A-II has no effect. Although there was no evidence of correlation between the Lp A-I: A-II level and Apo AI: apolipoprotein AI (cf. Table 4 ). Apo AII: apolipoprotein AII (cf. Tables 4 and 5 ).
the serum Apo AII level, we consider that the elevation of serum Apo AII represents an increment of the Lp A-I: A-II particles. If this assumption is true, an increment in serum Apo AI level, without an increase in the serum Apo AII level, may be effective for decreasing the risk of CHD.
It is important to investigate the relationship between BMI and apolipopro teins, but little is known about the association between Apo AII and obesity. Maeda et al. (13) , using simple correlation coefficients between Apo AII and BMI, reported a positive association between Apo AII and obesity only in females. However, they did not find this association in multiple regression analysis involving alcohol, smoking, BMI, and age as independent variables. Meilahn et al. (14) found no correlation between Apo AII and BMI using multiple regression analysis including alcohol, BMI, age, and exercise as independent variables. These results were obtained based on linear relationships between alcohol intake levels and serum apolipoprotein levels. However, the relationship alcohol consumption and lipoproteins may not be linear (15) . In the present study, the subjects were subdivided into four groups according to alcohol consumption and multiple regression analysis was performed for each group. The results showed a significant positive correlation between Apo AII and BMI in the nondrinking group only. No correlation was found in the drinker categories.
These results were consistent with a previous study (19) correlation between Apo AII and BMI in drinkers unclear. In past studies (13, 14) , correlation between Apo AII and obesity was inconsistent. One reason may have been the subjects' different drinking levels. Maeda et al. (13) found a positive association between Apo AII and BMI only in females, but their female subjects included many nondrinkers (305/443, 68.8%).
The present results suggest that an inadequate analysis of previous studies (13, 14) resulted in the inconsistency on the relationship between BMI and Apo AII. Alcohol strongly influences the serum level of Apo AII and alters its relationship to BMI. It is necessary to evaluate the association of serum level Apo AII to other life-style factors and the risk of CHD, considering the strong and not linear effect of drinking habits.
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